An earlier report showed that the U S 3 protein kinase blocked the apoptosis induced by the herpes simplex virus 1 (HSV-1) d120 mutant at a premitochondrial stage. Further studies revealed that the kinase also blocks programmed cell death induced by the proapoptotic protein BAD. Here we report the effects of the U S 3 protein kinase on the function and state of a murine BAD protein. Specifically, (i) in uninfected cells, BAD was processed by at least two proteolytic cleavages that were blocked by a general caspase inhibitor. The untreated transduced cells expressed elevated caspase 3 activity. (ii) In cells cotransduced with the U S 3 protein kinase, the BAD protein was not cleaved and the caspase 3 activity was not elevated. (iii) Inasmuch as the U S 3 protein kinase blocked the proapoptotic activity and cleavage of a mutant (BAD3S/A) in which the codons for the regulatory serines at positions 112, 136, and 155 were each replaced with alanine codons, the U S 3 protein kinase does not act by phosphorylation of these sites nor was the phosphorylation of these sites required for the antiapoptotic function of the U S 3 protein kinase. (iv) The U S 3 protein kinase did not enable the binding of the BAD3S/A mutant to the antiapoptotic proteins 14-3-3. Finally, (v) whereas cleavage of BAD at ASP56 and ASP61 has been reported and results in the generation of a more effective proapoptotic protein with an M r of 15,000, in this report we also show the existence of a second caspase-dependent cleavage site most likely at the ASP156 that is predicted to inactivate the proapoptotic activity of BAD. We conclude that the primary effect of U S 3 was to block the caspases that cleave BAD at either residue 56 or 61 predicted to render the protein more proapoptotic or at residue 156, which would inactivate the protein.
Two diametrically opposed events take place in cells infected with herpes simplex virus 1 (HSV-1) and also in cells infected with many other viruses. On one hand, viral gene expression alters cellular homeostasis and induce the cell to initiate the process that would lead to programmed cell death. This response also occurs in infected cells besieged by the host immune system. On the other hand, apoptosis could curtail viral replication and result in the failure of the virus to express its full potential (10, 27) . In the case of HSV-1, the confrontation favors the virus (10, 15, 30) . Numerous publications have shown that HSV-1 blocks programmed cell death induced by heat shock (18) , tumor necrosis factor alpha (10, 35) , Fas ligand (10, 16, 30) , osmotic shock (11, 17) , and virtually every proapoptotic substance tested to date. While wild-type virus not only fails to induce apoptosis but actually blocks the cell from undergoing apoptosis induced by exogenous agents, a number of mutants have been shown to induce apoptosis even in the absence of these agents. The prevailing view is that stress induced by the function of viral gene products can induce apoptosis but that specific viral gene products block the cells from responding to metabolic injuries induced by the virus. To date, several mutants incapable of blocking the cells from undergoing apoptosis have been described (3, 10, 18, 20, 36, 38) . Studies of these mutants have led to the identification of several viral proteins that block apoptosis induced by these mutants. The focus of the present study is on the U S 3 protein kinase shown in earlier studies to block apoptosis induced by d120, an HSV-1 mutant lacking the gene encoding the infected cell protein no. 4, the major regulatory protein of the virus (19, 21) .
In noncomplementing cells infected with the d120 mutant viral gene expression is arrested at ␣ genes and the cells exhibit cytopathogenic manifestations such as chromatin condensation, nucleosome-dependent fragmentation of cellular DNA, vacuolization and blebbing of the cytoplasm, etc. (9, 12, 18) . The events leading to apoptosis are cell type dependent. In the human SK-N-SH cells, the events leading to the proapoptotic death of the cells are caspase independent. In HEp-2 and many other cell lines apoptosis induced by the d120 mutant is caspase dependent (12) . Studies from this laboratory showed that ectopically expressed HSV-1 U S 3 protein kinase blocks apoptosis induced by the d120 mutant (19, 21) . More recent studies indicated that the U S 3 protein kinase also blocked apoptosis induced by ectopic expression of the proapoptotic protein BAD (22) . In addition, it has been reported that the U S 3 protein kinase contributes to HSV-mediated protection from apoptosis in vivo (2) .
BAD belongs to the Bcl-2 family of proteins. Pro-and antiapoptotic members of this family dimerize through their Bcl-2 homology domains (BH1, BH2, BH3, and BH4) in order to exert their functions (4, 23, 34) . BAD is a proapoptotic BH3-only member of the Bcl-2 family, since it contains only the BH3 domain. In consequence, BAD binds to antiapoptotic members of the family to mediate its proapoptotic effect (4) . The activity of BAD protein is negatively regulated by phosphorylation (6) . In the case of the murine BAD protein, cell survival signals, through activation of the phosphatidylinositol 3-kinase pathway, induce the Akt-mediated phosphorylation of BAD at serine 136, whereas the activated kinases RSK-1 and protein kinase A phosphorylate BAD at serine 112 (8, 13, 29, 32) . Phosphorylation of both serine 112 and serine 136 enables the binding of BAD to 14-3-3 proteins. The 14-3-3 bound BAD protein becomes unavailable for interaction with Bcl-X L (14, 24, 32, 37) . In addition, BAD can also be precluded from interacting with Bcl-X L by phosphorylation of serine 155 located inside the BH3 domain (7, 31, 39) . In appropriately stimulated cells, BAD is dephosphorylated by calcineurin and the serine/threonine phosphatase 1-␣ (PP1-␣) (28, 33) . An M r 15,000 product of BAD produced by cleavage at residues ASP55 and ASP61 exhibits enhanced proapoptotic activity (5) .
U S 3 protein kinase blocks caspase-dependent cleavage of BAD. The focus of the present study concerns the role of the U S 3 protein kinase in blocking apoptosis induced by BAD. In an earlier report this laboratory showed that, in cells transfected with both BAD and U S 3, products smaller than full-size BAD disappeared and some of the full-length protein exhibited a slower electrophoretic mobility (22) . To study the effect of U S 3 protein kinase on the BAD protein, the latter was tagged at its amino terminus with glutathione S-transferase (gstBAD) and expressed in a baculovirus vector under the cytomegalovirus immediate-early promoter as described in the legend to Fig. 1 . This systems allows relatively rapid, multiplicity-dependent ectopic expression of the desired gene in virtually all cells. In this series of experiments rabbit skin cells were mock infected or were infected with either a wild-type or a recombinant baculovirus expressing the U S 3 protein kinase, incubated for 6 h, and then superinfected with a baculovirus expressing the full-length gstBAD fusion protein. One set of cultures was exposed to the general caspase inhibitor Z-VADfmk concurrent with infection with baculovirus expressing gst-BAD. At 18 h after superinfection, the cells were harvested, electrophoretrically separated in denaturing gels, transferred to a nitrocellulose sheet, and reacted with the antibody to glutathione S-transferase (GST). The bands shown in Fig. 1 represent the GST protein fused to either intact BAD or amino-terminal cleavage products of the BAD protein. The results were as follows.
(i) The electrophoretrically separated lysates of cells infected with the gstBAD baculovirus contained three polypeptides that reacted with the anti-GST antibody (Fig. 1, lane 2) . These polypeptides had apparent M r s of 48,000, 42,000 (P1), and 30,000 (P2) and therefore consisted of chimeric proteins containing both GST and BAD residues. The largest polypeptide corresponded to the full-length protein, whereas the smallest was consistent with a polypeptide containing GST and BAD cleaved at amino acid 56 or 61 of BAD as described elsewhere (5) . We used the anti-GST antibody because the available anti-BAD antibody was directed to the carboxyl terminus and did not react with products truncated at or close to the carboxyl terminus of the protein.
(ii) Infection of rabbit skin cells with wild-type baculovirus prior to infection with the virus expressing gstBAD did not affect the appearance of the rapidly migrating bands P1 and P2 (Fig. 1, lane 3) . Conversely, infection of rabbit skin cells with a baculovirus expressing the U S 3 protein kinase blocked the appearance of the rapidly migrating bands P1 and P2 (Fig. 1,  lane 5) .
(iii) The caspase inhibitor, Z-VAD-fmk, blocked the appear-
Photograph of electrophoretically separated cell lysates reacted with a mouse monoclonal antibody to GST. Replicate 25-cm 2 flask cultures of rabbit skin cells were either mock infected or infected with 10 PFU of wt-Bac or U S 3-Bac per cell, incubated for 6 h, and then superinfected with 10 PFU of gstBAD-Bac per cell. One set of culture was exposed to the general caspase inhibitor Z-VAD-fmk, at a concentration of 50 M, concurrent with gstBAD-Bac infection. Cells were scraped into their medium, pelleted by low-speed centrifugation at 4°C, rinsed twice with phosphate-buffered saline (PBS) A (0.14 mM NaCl, 3 mM KCl, 10 mM Na 2 HPO 4 , and 1.5 mM KH 2 PO 4 ) in the presence of three phosphatase inhibitors (10 mM NaF, 10 mM ␤-glycerophosphate, 0.1 mM sodium vanadate), and were lysed in radioimmunoprecipitation assay buffer (1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate [SDS] in PBS A) in the presence of phosphatase inhibitors (10 mM NaF, 10 mM ␤-glycerophosphate, 0.1 mM sodium vanadate) and protease inhibitors (Complete; Roche) as recommended by the manufacturer. Lysed cells were stored on ice for 10 min before centrifugation at 14,000 rpm for 10 min (in an Eppendorf centrifuge, model 5415 C). The protein concentration of the supernatant fluids was determined with the aid of a Bio-Rad protein assay according to directions provided by the manufacturer. Protein samples denatured in disruption buffer (50 mM Tris [pH 7.0], 2.75% sucrose, 5% 2-mercaptoethanol, 2% SDS) were electrophoretically separated in a 10% denaturing polyacrylamide gel (70 g of protein per lane), electrically transferred to a nitrocellulose sheet, blocked, and reacted with a mouse monoclonal antibody specific for GST (Santa Cruz). Protein bands were visualized through enhanced chemiluminescence detection according to the instructions of the manufacturer (Amersham Pharmacia). The upper arrowhead points to the intact chimeric protein. Arrowhead P2 points to a faint band consistent with a polypeptide originating from the cleavage of the chimeric protein at amino acid 56 or 61. Arrowhead P1 points to an additional band with an apparent M r of 42,000. Note that both expression of the U S 3 protein kinase and treatment with Z-VAD-fmk blocked the appearance of the two rapidly migrating bands. The construction and the transfer plasmid encoding gstBAD were described elsewhere (22) . The gstBAD-expressing baculovirus were constructed by cotransfecting the transfer plasmid gstBAD-MTS-1 with Baculogold DNA (Pharmingen) according to the manufacturer's instructions. The baculovirus encoding the U S 3 protein kinase under the immediate-early cytomegalovirus promoter has been described elsewhere (21) .
ance of the two rapidly migrating bands (P1 and P2; Fig. 1 
, lane 4).
We conclude from these studies that in the transduced rabbit skin cells, gstBAD was cleaved by a caspase sensitive to the general caspase inhibitor Z-VAD-fmk. Since the cleavage was also blocked by the U S 3 protein kinase, the results indicate that one function of U S 3 is to block a caspase-dependent cleavage of the BAD protein.
The role of BAD cleavage products in the induction of apoptosis. To map the cleavage site blocked by the U S 3 protein kinase and assess the role of the cleavage products, we constructed a series of BAD truncation mutants schematically represented in Fig. 2 according to procedures described in the legend to that figure. The truncated constructs were cloned in baculoviruses as gstBAD chimeric open reading frames. Table  1 shows the primers used for mutant construction. As illustrated in Fig. 2 , the truncated mutant gstBAD1-180 lacked the carboxyl-terminal domain and the amino acids that constitute a poorly conserved BH2 domain. The gstBAD1-159 mutant contains the BH3 domain but lacked the downstream residues, whereas the gstBAD1-140 mutant lacked the entire BH3 domain and all downstream residues. Of the three amino-terminal truncations, gstBAD21-204 lacks the first 20 residues; the BAD sequence in gstBAD43-204 began at an ATG located at position 43, whereas the gstBAD63-204 mutant lacked the two known caspase 3 cleavage sites at residues 56 and 61.
In this series of experiments rabbit skin cells were mock infected or were infected with wild-type or the U S 3-expressing baculovirus. After 6 h of incubation, the cells were superinfected with the various baculoviruses expressing the full-length or truncated forms of BAD. Cells were harvested and lysed 18 h after superinfection. The lysates were assayed for caspase 3 activity and also electrophoretically separated in denaturing gels and probed with anti-GST antibody. The electrophoretic mobility of the gstBAD chimeric proteins contained in the lysates are shown in panels 1 to 9 of Fig. 3A . The caspase 3 activities of the cell lysates shown in Fig. 3B were normalized with respect to the baseline activity of mock-infected cells (Fig.  3B, lane 1) . The results may be summarized as follows.
(i) The GST tag did appear to interfere with the activity of BAD in activating caspase 3. Thus, the caspase 3 activity of the lysates of cells infected with the chimeric gene containing the full-length BAD (Fig. 3A, panel 6; Fig. 3B, lanes 13 and 14) was 3.5-fold higher than that of the mock-infected cells.
(ii). The caspase 3 activity of the lysates of cells infected with baculoviruses expressing gstBAD1-140 (lanes 4 and 5) or gstBAD1-159 (lanes 7 and 8) increased ϳ2-fold relative to that of lysates of mock-infected cells (lane 1) and significantly less than 2-fold relative to mock-infected cells exposed to wild-type baculovirus (lane 2). We interpret these results to indicate that these constructs failed to activate caspase 3 activity and that the slight elevation of caspase 3 activity was due largely to infection with baculoviruses. In contrast, the lysates of cells infected with baculovirus gstBAD1-180 (lanes 10 and 11) did not appear to be significantly different from those of lysates of cells infected with the baculovirus expressing the full-length Table 1 . The amplified truncated forms of BAD were inserted into the BamHI/NotI site of gstBAD-MTS-1, in frame with GST. The gstBAD-3S/A-MTS-1 transfer plasmid, in which the codons encoding S112, S136, and S155 were replaced with codons encoding alanines, was constructed as follows. The EcoRI/NotI fragment from gstBAD-MTS-1, encoding the gstBAD fusion protein, was subcloned into the EcoRI/NotI site of pBSK. The serine codons were then replaced with alanine codons with the aid of the QuikChange site-directed mutagenesis kit (Stratagene) according to the manufacturer's instructions. The oligonucleotides used for this purpose were S112A-sense (AGTCGC CACAGTGCGTACCCAGCGGGG), S112A-antisense (CCCCGCT GGGTACGCACTGTGGCGACT), S136A-sense (CGAGGACGCT CGCGTGCGGCTCCCCCC), S136A-antisense (GGGGGGAGCCG CAGCCGAGCGTCCTCG), S155A-sense (CTCCGAAGGATGGCC GATGAGTTTGAGGG), and S155A-antisense (CCCTCAAACTCA TCGGCCATCCTTCGGAG). Mutations were confirmed by sequencing, and gstBAD-3S/A was cloned back into the EcoRI/NotI site of MTS-1 The baculoviruses were constructed and propagated as noted in the legend to Fig. 1 . 14) . These results are of interest from two points of view. First, whereas the residues encoding the BH3 site absent from the gstBAD1-140 were, as expected, to be essential for the induction of caspase activity, the sequences carboxyl terminal to the BH3 site (gstBAD1-180) were not essential for this activity. Since the gstBAD1-159 mutant failed to induce apoptosis, the results suggest that residues immediately carboxyl terminal to the BH3 consensus sequence may be required for the the function of the BH3 domain. Second, the truncated BAD chimeric proteins were uniformly cleaved at the 56/61 residues even though at least two of the constructs were inactive. Cleavage at the 56/61 sites was independent of the structure of the carboxyl-terminal domain of the BAD protein.
(iii) The amino-terminal truncation had a minimal effect on the activation of caspase 3 activity. It is noteworthy that the construct gstBAD63-204 was subject to the caspase cleavage even though it lacked the 56/61 cleavage sites. This observation is consistent with the conclusion that cleavage which yielded the P1 product (Fig. 1) was carboxyl terminal relative to residue 63 and therefore carboxyl terminal relative to the 56/61 cleavage sites. On the basis of the apparent molecular weights of the P1 and P2 products, we could expect that the full-length product was cleaved at residues 56/61 and again near the carboxyl terminus. Given the observation that the cleavages at the amino-terminal and carboxyl-terminal sites are independent of each other, we could expect that there exists another product of cleavages at both sites. This product would be expected to be smaller than the M r of 15,000 reported to be present in cells transduced with baculoviruses encoding the BAD protein (5, 22) .
(iv) The U S 3 protein kinase blocked activation of caspase 3. The inhibition of caspase 3 activity is evident in virtually all nine panels shown in Fig. 3 . The conclusion to be drawn from the experiments shown in Fig. 3 is that the primary effect of U S 3 is to block the caspase-dependent cleavage of BAD.
A central question arising from these studies is whether U S 3 protein kinase acts by phosphorylation of the serines known to inactivate the proapoptotic activity of the BAD protein.
The U S 3 protein kinase blocks BAD-induced apoptosis independently of the phosphorylation of Ser112, Ser136, or Ser155. The BAD protein is rendered inactive by phosphorylation of the three regulatory serines at positions 112, 136, and 155 (6) . One hypothesis to explain the effect of the U S 3 protein kinase is that it induces the phosphorylation of the regulatory serines, thereby precluding the sequence of events that lead to the activation of BAD. To test this hypothesis, we constructed a mutant (gstBAD-3S/A) in which the codons Ser112, Ser136, and Ser155 were each replaced with alanine codons as described in the legend to Fig. 2 . Rabbit skin cells were mock infected or were infected with either wild-type baculovirus or a U S 3-expressing baculovirus, incubated for 6 h, and then superinfected with either gstBAD or gstBAD-3S/A baculovirus. The lysates of cells harvested 18 h after the superinfection were tested for the presence of intact and cleaved gstBAD fusion proteins and for the induction of caspase 3 activity as described in the legend to Fig. 3 . The results (Fig. 4) were that the caspase 3 activity of cells infected with the baculovirus encoding the wild-type or mutated gstBAD fusion protein was induced at levels Ͼ2-fold greater than those of mock-infected cells. The activity of the construct containing the mutant BAD appeared to be higher than that of the construct containing the wild-type BAD. Of particular interest was the observation that U S 3 protein kinase blocked the activation of caspase 3 and the cleavage of both wild-type and mutated BAD constructs. U S 3 does not recruit BAD to the 14-3-3 proteins. BAD protein phosphorylated at serines 112 and 136 is bound by 14-3-3 proteins and sequestered in the cytoplasm. This translocation precludes the interaction of BAD with Bcl-X L and therefore protects the cell from apoptosis. One hypothesis that could account for the effect of U S 3 protein kinase on BAD is that a modification of BAD mediated by the U S 3 protein kinase enables the interaction with the 14-3-3 proteins even in the absence of phosphorylation of the regulatory serines.
To test this hypothesis, rabbit skin cells were infected with a wild-type or recombinant baculovirus expressing the U S 3 protein kinase. After 6 h of incubation, the cells were superinfected with either baculoviruses encoding GST fused to wildtype or 3S/A mutant BAD. At 18 h after infection, the cells   FIG. 4 . Effect of the U S 3 protein kinase expression on cleavage pattern of gstBAD and the gstBAD-3S/A mutant expressed via recombinant baculovirus in rabbit skin cells (A) and effect of U S 3 on DEVDase activity induced by gstBAD and gstBAD-3S/A (B). Replicate 25-cm 2 flask cultures of rabbit skin cells were either mock infected or infected with 10 PFU of wt-Bac or U S 3-Bac per cell, incubated for 6 h, and then superinfected with 10 PFU of gstBAD-Bac or gstBAD-3S/ A-Bac per cell. Cells were harvested and electrophoretically separated or assayed for DEVDase activity as described in the legend to Fig. 3.   FIG. 5 . Photograph of immunoblot of affinity purified gstBAD or gstBAD-3S/A and coprecipitated 14-3-3 proteins. Replicate 25-cm 2 flask cultures of rabbit skin cells were infected with 10 PFU of wt-Bac or U S 3-Bac per cell, incubated for 6 h, and then superinfected with 10 PFU of either gstBAD-Bac or gstBAD-3S/A-Bac per cell. Cells were harvested 18 h after the superinfection, lysed in 500 l of lysis buffer B (142.5 mM KCl, 5 mM MgCl 2 , 10 mM HEPES, 0.25% Nonidet P-40) in the presence of phosphatase and protease inhibitors, and incubated on ice for 10 min. Lysates were pelleted at 14,000 rpm for 10 min at 4°C. The supernatant fluids were collected and reacted overnight with constant agitation at 4°C with 50 l of a 50% slurry of glutathione beads (Pharmacia Biotech). The beads were pelleted by low-speed centrifugation and rinsed three times with lysis buffer B. The proteins complexed with the pulled-down gstBAD fusion proteins were denatured in disruption buffer (50 mM Tris [pH 7.0], 2.75% sucrose, 5% 2-mercaptoethanol, 2% SDS) and electrophoretically separated in an 11% denaturing polyacrylamide gel. Immunoblotting was done as described in the legend to Fig. 1 . The electrophoretically separated proteins were reacted with a rabbit polyclonal antibody specific for BAD (Santa Cruz) or with a rabbit antibody specific for the 14-3-3 proteins (Santa Cruz) and then visualized by enhanced chemiluminescence detection.
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on September 22, 2017 by guest http://jvi.asm.org/ were harvested, lysed, and reacted with glutathione-agarose beads. After an extensive rinse the bound proteins were subjected to chromatography on denaturing polyacrylamide gels and reacted with antibody to BAD and the 14-3-3 proteins. As shown in Fig. 5 , the eluate obtained from glutathione-agarose beads bound both wild-type and mutant gstBAD chimeric proteins. However, only the chimeric protein containing wild-type BAD sequences bound the 14-3-3 proteins.
The role of U S 3 in blocking apoptosis induced by BAD. These results indicate that the mechanism by which the U S 3 protein kinase blocks activation of the BAD protein does not depend on the phosphorylation of the regulatory serines or the interaction of BAD with the 14-3-3 proteins.
In an earlier article this laboratory reported that the U S 3 protein kinase blocked the apoptosis induced by the HSV-1 d120 mutant at a premitochondrial stage (21) . Further studies revealed that the kinase also blocks programmed cell death induced by the proapoptotic protein BAD (22) . In the studies reported here, we investigated the effects of the U S 3 protein kinase on the function and state of the BAD protein. We report several key findings below.
(i) In uninfected cells BAD was processed by at least two proteolytic cleavages that are blocked by caspase inhibitors. The untreated transduced cells expressed elevated caspase 3 activity.
(ii) In cells cotransduced with the U S 3 protein kinase, the BAD protein was not cleaved and the caspase 3 activity was not elevated.
(iii) Inasmuch as the U S 3 protein kinase blocked the proapoptotic activity and cleavage of a mutant (BAD3S/A) in which the codon for the regulatory serine at positions 112, 136, and 155 was replaced with an alanine codon, the U S 3 protein kinase does not act by phosphorylation of these sites nor is the phosphorylation of these sites required for the antiapoptotic function of the U S 3 protein kinase.
(iv) The U S 3 protein kinase does not enable the binding of the BAD3S/A mutant to the antiapoptotic family of proteins 14-3-3.
(v) Finally, although the cleavage of BAD at ASP56 and ASP61 has been reported and results in the generation of a more effective proapoptotic protein with an M r of 15,000, we show here the existence of a second caspase-dependent cleavage site most likely at ASP156.
Relevant to the interpretation of these results are the following findings.
(i) A feature of BAD-induced apoptosis is the establishment of a positive feedback loop. Thus, activated BAD titrates out Bcl-X L and then acts to release cytochrome c from mitochondria. Assembly of the apoptosome complex and activation of procaspase 9 follow. This in turn results in activation of caspase 3, one of the most important apoptotic effectors. Caspase 3 cleaves numerous cellular proteins, among which is BAD itself. The carboxyl-terminal product of the BAD cleavage exhibits stronger mitochondrial localization and higher apoptotic capability than intact BAD, thus closing the feedback loop (5). The key finding relevant to the biology of BAD is that the U S 3 protein kinase abolishes caspase activity in all cells, including those that were transduced by wild-type or mutant BAD constructs and those that were not exposed to BAD. Therefore, U S 3 appears to affect caspase activation independently of BAD. The central question of whether U S 3 acts solely on downstream effectors of BAD in blocking apoptosis or whether it acts also on BAD was not unambiguously answered. The data currently available suggest that U S 3 may act solely on effector caspases. Thus, the BAD protein lacks the consensus site for direct phosphorylation of BAD by the U S 3 protein kinase (25, 26) . The hypothesis that U S 3 induces the phosphorylation of one or more of the regulatory serines known to block activation of BAD has proven to be untenable inasmuch as a U S 3 protein kinase blocked apoptosis induced by the BAD3S/A mutant. The experimental design used in the present study precluded a more thorough analysis of the apparent change in the electrophoretic mobility of the BAD protein reported in the earlier study (22) .
(ii) The evidence that BAD is cleaved by a caspase at a second site near the carboxyl terminus of the protein came as a surprise since such a cleavage has not been reported previously. If we assume that the cleavage is effected by the same enzyme that cleaves the amino-terminal sites, the predicted cleavage site would be at residue ASP156. This site is in the sequence of the BH3 domain. We should note that not all changes of the BH3 domain affect proapoptotic activity of BAD. Thus, Adachi et al. (1) reported that the substitution of the residue corresponding to ASP156 of the human homologue of BAD with GLY disrupted the interaction of BAD with Bcl-2, but the mutation did not affect the interaction of BAD with Bcl-X L or its targeting to the mitochondria. These authors also reported that the proapoptotic activity of the mutant was comparable to that of wild-type BAD. Nevertheless, since the gstBAD1-159 was inactive, we could expect that the cleavage would also inactivate BAD. Our results would therefore suggest that effector caspases both activate and inactivate the BAD protein.
(iii) In an earlier study this laboratory reported a decrease in the amounts of BAD protein accumulating in cells transduced by both BAD and U S 3 protein kinase (22) . We also noted a decrease in the accumulation of BAD protein in cells doubly transduced in the present study. We should note, however, that the downregulation of total BAD in cells coexpressing the U S 3 protein kinase appears to be cell type dependent since in SK-N-SH cells the amounts of BAD protein in doubly transduced cells were larger than the amounts detected in cells transduced with wild-type BAD only (data not shown). The decrease in the amount accumulating in doubly infected cells is not due to proteasome-dependent degradation of BAD since the treatment of cells expressing gstBAD with the proteasome inhibitor MG132 did not result in an increase in the amount of total BAD (data not shown). We conclude that either BAD protein synthesis is induced de novo in transduced rabbit skin cells or that BAD is subject to degradation by a non-proteasome-dependent pathway. It is of interest that the U S 3 protein kinase is not an universal blocker of all proapoptotic injuries to the cell caused by HSV infection. For example, cells infected with HSV-1 mutant lacking the glycoprotein D gene cause apoptosis that is blocked by glycoprotein D, glycoprotein J, or by ectopic overexpression of the mannose 5-phosphate receptor but not by U S 3 (data not shown). The results presented here suggest that U S 3 targets caspases. The range and relative effectiveness of U S 3 in blocking the action of these enzymes remain to be determined.
